The crank mechanism of multifunctional nursing bed is an important institution to assist patients exercising their legs. In order to optimize the function of the crank mechanism and improve the quality of rehabilitation, the kinematic relationship of the crank mechanism has been studied and the virtual prototype of the crank mechanism is established by using the design variables instead of the coordinates' value based on ADAMS [1, 2]. The influence of related design variables on the angle acceleration of thigh plate is studied by virtual prototyping. The sensitivity of related design variables to the angle acceleration of the thigh plate is obtained and those variables with larger sensitivity are optimized to be the best value. The maximum value of the angular acceleration is reduced and the curve is gentler. The mechanism is running more smoothly and the crank mechanism has been optimized.
Introduction
China has entered the era of aging under the background of global aging. With the increasing age, the vitality of people and the resistance to disease will be weakened. Especially in the older stage people are more susceptible to chronic diseases. According to statistics, about 79.1% of the elderly in our country suffer from one or more chronic diseases. Treatment of chronic diseases is not only long and slow. The chronic makes the majority of patients pain in the physical and psychological and the difficulty is improved for family of patients and medical staff to care. The social resources and family resources for the care of the aging population are tense with the process of aging [3] . Multifunctional nursing bed has largely relieved the adverse effects of caring aging population which are caused by lacking of nursing resources. Multifunctional nursing bed can reduce the burden of family, medical staffs and improve the quality of care [4] . Stroke is a common chronic disease in the elderly. Legs and arms of stroke patients are more affected. They cannot walk normally and need regular exercise to improve the rehabilitation effect. The cost of helping the patients to exercise muscles of leg is high. The care bed with the crank mechanism is created under this background. The crank mechanism of multifunctional nursing bed is an important institution which can assist patients to exercise their legs. It can help stroke, hemiplegic and postoperative patients to do daily rehabilitation exercise [5, 6] . In order to improve the quality of care, this paper has studied the kinematic of the crank mechanism and established the parameterized model to research and optimizes the mechanism.
Optimization of Crank Mechanism

Research on Kinematics
The crank mechanism includes an electric putter L3, a thigh plate LOA, a calf plate LAB and a support plate LCD. The thigh and calf plates are connected by hinges. Calf plate always moves in horizontal direction and the angle of the thigh plate is 0°~30°. The chart of the crank mechanism is shown in Fig.1 . Assuming that the articulation point of the thigh plate and the bed frame is the coordinate origin, and the coordinate is (0, 0). Assuming that the coordinate of point A is (-400, 0), point C is (-414, 0), point D is (-760, 0), point E is (27, -101) and point F is (-799, -58) taking into account the angle of thigh plate, the stroke of electric putter, bed space and other factors. According to the vector equation analysis method, the vector equation is listed by ΔOEF:
Assuming that 180 180 360 180 360
The equation (2) is subjected to a second derivative of t:
To eliminate α3 in equation (3) [7]:
α1 is the angle acceleration of thigh plate and we can get the data of α1 after substituting known data.
Parametric Model
We can see from Fig.1 that the thigh plate and calf plate are implemented components. The thigh plate moves around the point O and calf moves in horizontal movement. The thigh plate drives the calf and determines the condition of calf. So the optimization of the whole crank mechanism can be realized if the size of the thigh plate mechanism is optimized. The mechanism of thigh plate includes four hinge points O (X1, Y1), E (X2, Y2), F (X3, Y3), A (X4, Y4); Point A has no effect on the angle acceleration of thigh plate. Therefore, we just need to determine the best location of point O, point E and point F. We can use DV_1~DV_6 instead of the coordinates of the three hinge points. The correspondence of design variables and coordinates value is shown in table 1. To create some hinge points in ADAMS and replace theirs coordinates with the corresponding variables. The electric putter, thigh plate, calf plate, support plate and other components have been established based on the hinge points. The driver and motion pair are added to the components to complete the parametric model, as shown in Fig.2 . 
Research on Design
The research on design mainly studies the changing trend of performance caused by different values of design variables. We can get the sensitivity of the design variables to the performance of virtual prototype by research on design. The sensitivity is that the change of the virtual prototype performance which is caused by the change of the unit value of the design variables [8] . The size of the sensitivity reflects the size of the design variables affecting the virtual prototyping performance. First, we can study the design variables before optimization to analyse the sensitivity of variables. Then, we optimize those variables with large value sensitivity so that we can improve the efficiency of optimization and ensure the accuracy of the results.
The research on design mainly includes three elements: objective function, design variables, level of variables. Firstly, the DV_1 is studied. The objective function of this research is the maximum value of angle acceleration of thigh plate. The design variable is DV_1 and the level of variable is 5. During the research, the curve of angle acceleration of the thigh plate with DV_1 is shown in Fig. 4 , and the sensitivity report is shown in Table 2 . It can be seen from Fig. 4 and Table 2 that the curve of angle acceleration of the optimization of the thigh plate is changed with the value of DV_1. The maximum of angular acceleration occurs at the start or the end. First, the maximum of angular acceleration reduced and then increased when the value of DV_1 from small to large. When DV_1 is 0, the maximum of angular acceleration of the thigh plate is 0. We can get the sensitivity of every design variable from the table 3. The sensitivity of DV_3 is maximum and the value is 0.005609 (deg/s 2 ) / mm. The sensitivity of DV_5 is minimal and the value is 3.60e-005 (deg/s 2 ) / mm. Since the sensitivity of DV_1, DV_2, DV_3, DV_4 and DV_6 are higher than DV_5 by 1 ~ 2 orders of magnitude, DV_5 can be ignored. We just need to optimize DV_1, DV_2, DV_3, DV_4 and DV_6.
Optimized Design
Optimized design is the method that to get maximum or minimum of the objective function when the design variables meet the constraints [9, 10] . The purpose of this optimization is to minimize the maximum value of angle acceleration of the thigh plate. The optimized variables are DV_1, DV_2, DV_3, DV_4, DV_6; the constraint range of design variable is its range. The curve of angle acceleration is shown in Fig.5 during optimizing. The result of optimization is shown in Table 4 . ) after four times optimization experiments. The pre-optimized and optimized contrast curves are shown in Fig.6 and the comparison of design variables is shown in table 5. In Figure 6 , curve 1 is the pre-optimized curve of angle acceleration of the thigh plate and curve 2 is the optimized curve. It can be seen from the figure that the average value and maximum value of curve 2 are less than curve 1 and curve 2 is smoother than curve 1. 
Summary
The crank mechanism has been designed under the guidance of modern design theory and the kinematic relationship has been studied. The virtual prototype of the crank mechanism is established by using the design variables instead of the coordinates' value based on ADAMS. The influence of related design variables on the angle acceleration of thigh plate is studied. We have concluded that DV_1 ~ DV_6 has different effects on the angle acceleration of the thigh plate. The sensitivity of DV_5 is 3.60e-005 (deg/s2)/mm which is smaller than the sensitivity of other variables 2 orders of magnitude. It is shown that the abscissa of the fixed point of the electric putter has little effect on the angle acceleration of thigh plate. ) which shows that the curve of the angle acceleration of thigh plate is more stable and more gentle.
